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ABSTRACT 

We present the Galaxy Evolution Explorer ( GALEX) far (FUV) and near (NUV) 
ultraviolet imaging of three nearby shell galaxies, namely NGC 2865, NGC 5018, and 
NGC 7135 located in low density environments. 

The system of shells and fine structures visible in the optical is detected in the 
NUV image of NGC 2865 and in both NUV and FUV images of NGC 7135. The NUV 
image of NGC 5018 does not present shell structures. We detect absorption features 
in the nuclear region of all three galaxies. NGC 2865 has a nearly flat colour profile 
with {FUV-NUV)?a2 throughout the whole galaxy. NGC 7135 is blue in the center 
(FUV-NUV)?aO and as red as (FUV-NUV)«1.5 in the outskirts, including the faint 
shell-like feature. 

The three shell galaxies are members of poor groups of galaxies. We compare 
GALEX NUV observations with available Hi large scale measurements, and deter- 
mine the UV magnitudes of likely companions. Most of the known (and possible) 
companions are gas rich late-type galaxies, suggesting that our shell galaxies inhabit 
the ideal environment for hosting rejuvenating episodes driven by accretion events. 

We investigate the ability of the nuclear GALEX (FUV-NUV) colour to provide 
information about rejuvenation phenomena in the stellar populations of the shell galax- 
ies. To this aim, we derive from theory the relationship between the Mg2, H/3, H7A, 
H(5A Lick line-strength indices and the (FUV-NUV) colour. We extend the study to a 
sample of early-type galaxies in low density environments wh ich includes shell gala xies 
and/or galaxies with emission lines in their optical spectra (lAnnibali et al.l [20071 ). In 
the index vs. (FUV-NUV) colour diagrams, most of the galaxies are well explained by 
passively evolving Single Stellar Populations. On the average, ages and metallicities of 
the galaxies in our sample estimated from optical line-strength indices are consistent 
with those inferred from the (FUV-NUV) colour. We note that the GALEX (FUV- 
NUV) and (UV-V) colours have different response to age and metallicity. In general, 
all the colours but for (FUV-NUV) and (FUV-V) , become nearly age insensitive when 
1-2 Gyr have elapsed from the last star forming event. Finally, considering composite 
stellar population models with a recent burst of star formation, we suggest that the 
position of the NGC 7135 and NGC 2865 nuclei in the (FUV-NUV)-H/3 plane could 
be explained in term of a recent rejuvenation episode. 

Key virords: Galaxies: elliptical and lenticular, cD - Galaxies: interaction - Galaxies: 
fundamental parameters - Galaxies: formation - evolution. 



1 INTRODUCTION 
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Shell galaxies represent the ideal class of objects to in- 
vestigate galaxy evolution in the field for several reasons. 
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Two different scenarios for their origin emerge from the 
rich harvest of simulations performed since their discov- 
ery in t he early 80's: cither a weak interaction between 
galaxies l|Thomson fc Wright 1990; Thomson 1991i ') or merg- 
ing/accretion events between galaxies of different masses 

i mass ratios typically 1/10 - 1 /lOOi iDupraz fc Combed 
19861 ) : [Henquist fc Quirul (|l987al lbh). 

Weak interactions can form long lasting azimuthally 
distributed shells through the interference of density waves 
produced in a thick disc population of dynamically cold 
stars. However, this requires a cold thick disc, not found 
in ellipticals. In merging models, shells are density waves 
formed by infall of stars from a companion d uring a minor 
merger. Major merger can also produce shells (Bariiflil 19921 : 
iHernauist fc Spergellll992l : iHernguist fc Mihoslll995h . 

Both scenarios qualitatively reproduce basic character- 
istics, such as spatial distributi on, frequency and sha pe of 
observed shell systems (see e.g. IWilkinson et al.ll2000l . and 
references therein). Weak interaction models add also clear 
information about the environment: shells could not be 
maintained within clusters, as the continuous "harassment" 
among galaxies would destroy them. 

Shell galaxies indeed avoid the cluster environ- 
ment and are found in the field with a high fre- 
quency {k, 16.5% of t he early-ty p e gal ax y population, 



ty p e gal a 

iMalin fc Cartel (119831): ISchweizerl l|l992h : 
1 19961 ): IColbert et all (120011) . This suggests that interac- 
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tion/accretion/merging events have played a significant role 
in the formation/evolution of the early- typ e class as a whole. 

Using Fabry-Perot observations, iRampazzo et al.) 

(|2003l ) analyzed the warm gas kinematics in a few shell 
galaxies. They found that gas and stars appear to be 
decoupled in most cases. This evidence suggests an external 
acquisition of the g predicted by merging models. At 

the same time, a set of observations showing a clear associ- 
ation between cold (HI/CO) gas and stars challenge present 
merging models which do not predict it unless cold gas 
behaves differently from the ionized gas (ISchiminovich et al.l 
1 1994 Il995l : ICharmandaris et al.|[200ol : iBalcells et al.ll200lh . 
Studying the distribution of shell galaxies in the H/? v s 
[MgFe] line-strength index plane, iLonghetti et al.l (|200G| ) 
show that these systems span a wide range of ages, indicat- 
ing that among them recent and old interaction/acquisition 
events are equaly probable. If shells are formed at the 
same time at which the rejuvenating event took place, 
shells ought to be long-lasting phenomena. So, whereas 
current studies in literature considers the shell structure 
surrounding early-type galaxies as a bona fide indicator 
of past accretion/merging events, their formation age and 
secular evolution are far from being firmly established. 

In the above framework we discuss GALEX observa- 
tions of three shell galaxies taken from the lMalin fc Carter! 
(|l983h compilation, namely NGC 2865, NGC 5018 and 
NGC 7135. The galaxies are located in very low density en- 
vironments and belong to HI rich associations. NGC 2865 
and NGC 7135 are part of our GALEX proposal (GI04- 
0030-0059). The NGC5018 data are taken from the GALEX 
archive. The line-stre ngth indices analysi s perf ormed by 
ILonghetti et al.l (|2000t ) and lAnnibali etal] (|2007l ) suggests 
that the above shell galaxies had a recent burst of star for- 
mation. The present sample is then n ot representative of th e 
entire class of shell galaxies (see e.g. ILonghetti et al.ll200(j ). 



Through this pilot study we aim to verify whether these 
galaxies host ongoing star formation and how it distributes 
across the galaxy. 

The plan of the paper is as follows. Section 2 describes 
the relevant properties of our galaxy sample that could be 
gathered from literature. Section 3 presents the GALEX ob- 
servations and the data reduction. Results are presented in 
Section 4 and discussed in Section 5. 



2 THE SAMPLE 

We collect in Table [1] the main characteristics of the galax- 
ies under examination. As may be deduced from the local 
galaxy density, p(X,y,z) [gal Mpc~^], the galaxies are lo- 
cated i n very low d ensity regions of complex galaxy associ- 
ations (|Tullvlll988l ). 

NGC 2865. According to |j0rgensen et all (|l992l ) the 

galaxy is a bona fide elliptical with a surface brightness 
profile consistent with a pure i^^'^ law. At the same time, 
NGC 2865 is genuinely peculiar: in deep images the galaxy 
displays a significantly disturbed morphology. The isophote 
fit reveals b oxy isophotes wi thin 40" and disky isophotes at 
larger radii (|Reid et al.lll994l ) . The galaxy displays a cha otic 
system of about 7 shells out to 2.5' (Fort et all 1 19861 ). A 
westward protrusion, identified as a stellar jet or a po- 
lar ri ng ([Whitmore et al.l Il990l ). extends 1' from its nu- 
cleus. iFort et al.l (119861 ) estimate that 11-22% of the total 
luminosity of NGC 2865 is contained in the shells and in 
the above described protrusion. Further out, in deep im- 
ages, a faint loop is visible north west and a plume or 
tail-l ike extension can b e seen to the south east. Neverthe- 
less, ISchiminovich et al.l (| 19951 ) HI observations show that 
NGC 2865 has no companions of similar luminosity, while 
two gas-rich dwarfs are seen nearby. The above authors sug- 
gest that the galaxy might be the recent (less than 7 Gyr) 
product of a major disk-disk merger, although the associ- 
ation between gas and stellar fine structure, with gas dis- 
placed outward from the stars in projected position, implies 
gas motions not predicted by any of the cur rent merger sce- 
narios . Using nuclear line-strength indices ILonghetti et al.l 
(| 19991 ) suggest that NGC 2865 is among those shell galaxies 
which are candidate for having a very young stellar compo- 
nent in their spectra: their analysis of both [Call] and H/3 
line-strength indices provide a luminosity weighted stellar 
age lower than 2 Gyr. 

NG C 5018. The gala xy is peculiar in two main respects. 
First ISchweizeJ (|l990l ) classified NGC 5018 as one of his 
prime candidates for a recent major merger, assigning to it 
a fine structure S parameter of 5.15. The E parameter is 
an empirical measure of the optical disturbance present in 
a galaxy since its value is given by a combination of the 
optical strength of ripples, the number of detected ripples, 
the number of jets, an estimate of boxiness and the pres- 
ence of X-structures. The higher the value of S the higher 
the morphological disturbance and the probability that the 
galaxy is dynamically younger. Second, the nuclear optical 
spectrum has the weakest Mg2 line-strength index consid- 
ering its velocity disp e rsion among the over 400 Es sur- 
veyed by iDavies et al.l (Il987l). Also unusual is the lack in 
its UV lUE spectrum (|Bertola et al.|[T993l ) of a prominent 
UV-upturn short ward of A 2000 A, that is typical of old. 
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Figure 1. NGC 2865 (top panels), NGC 5018 (mid panels) and NGC 7135 (bottom panels) full resolution, 5'x 5' wide GALEX NUV 
(left panels) and FUV (right panels), background subtracted images in counts px~^ s~^. 
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Table 1. Data for the three shell galaxies observed in this study 



NGC 2865 



NGC 5018 



NGC 7135 



Rcf. 



Morphol. Type 

Hel. Sys. Vel. [km s"!] 

Adopted distance [Mpc] 

P{x,y,z) [gal Mpc-3] 

Environment 

Apparent magnitude 
and colours: 

{(B-V)t> 
{(U-B)t) 

(J-H)2MASS 
(H-K)2Af ASS 

Galaxy structure: 

Effective Surf. Bright. Me(B) 
Diam. Eff. Apert., Ae ["] 
Avearage ellipticity 
P.A. [dcg] 

Kinematical parameters 

Vel.disp. (TO [km s"-"^] stars 
Max. rotation Ymax [km s~-^ 



E3-4 
2627±3 
35.7 
0.11 

Antlia-Hydra clouds 



12.57±0.14 

0.91 

0.41 

0.65 

0.25 



20.20±0.27 
25.0 
0.17 
154.6 



E3 

2794±15 

40.9 

0.29 

Virgo Southern extension 



11.69±0.13 

0.92 

0.48 

0.63 

0.30 



20.35±0.25 
45.5 
0.32 
99.9 



SAO-pec 
2640±21 
34.7 
0.32 

Pisces-Austrinus Spur 



12.79±0.15 

0.99 

0.42 

0.66 

0.22 



22.78±0.60 
62.8 
0.28 
44.9 



180±24 
234±30 



240 

75±15 



202±21 
78 



[1] 
[1] 
[2] 
[2] 
[2] 



[1] 
[1] 
[1] 
[1] 
[1] 



[3] 
[3] 
[3] 
[3] 



[3] 
[3] 



References: [1] NED |http : //nedwww . Ipac ■ caltech . e du/ ; [2] ITuUvI ||1988| ) (Ho=75 km s"! Mpc"!); [3] HYPERLEDA 

|http://Teda.miiv-lyonl . f r/| 

Table 2. Journal of the (3^4 observations 



Name NUV FUV observing P.I. 

exposure [sec] exposure [sec] date 

NGC 2865 16269 2567 2004-12-22 D. Bettoni 

NGC 5018 1238* 118 2005-05-14* J. van Gorkom* 

NGC 7135 1693 1693 2004-10-15 D. Bettoni 



Note: The observing date and the P.I. labeled with an asterisk refer to the NUV observation of NGC 5018. 



metal-rich spheroids (|Burstein et aLlflOgSl ). Such an anoma- 
lous result inspired some authors to propose a kind of con- 
spiracy, where young stars and heavy dust absorption com- 
bine with other to dilute the underlying Mg2 line-strength 
index, so as to turn a flat, young-star-dominated UV energy 
distri bution into the observed NGC 5018 UV-weak spec- 
trum (jCarollo fc Danzigeil[l993 l. This scenario, however, is 
not consistent with the avera ge internal r e ddeni ng as low 
as E(B-V)~0.02 measured by Ibusou etHI l|200ll ). The rel- 
atively young nature of this object was later confirmed by 
iLeona r di fc Worth cv (2000), who proposed that NGC 5018 
is an old, metal-rich elliptical which has undergone a major 
accretion event at some recent stage of its evolution. In this 
framework, the above authors interpret NGC 5018 as an ob- 
ject presently dominated by an acquired stellar population 
not older than 2 . 8 Gyr . A slightly different view is proposed 
by iBuson et aD (j2004 l who suggested that in NGC 5018 
the bulk of its stellar population were formed ex-novo about 
3 Gy r ago, just at the time o f a major merging event. Fi- 
nally [^ntalo^&~Chiosi! (|2004al ) explored the possibility that 
bulk population of stars in NGC 5018 is old and that its un- 



usual high value of Hp simply reflects the rejuvenation that 
occurred about 2 Gyr ago, most likely by a merger, which 
however was limited to a minor percentage of the stellar 
mass. 

NGC 7135. lMalin fc Carter! l| 19831 ') noticed that the galaxy 
presents "a curious jet and a shell" and a pro minent tail on 
the opposite side of a sharp curved feature. iKeel I (Il985l ) 
classified the galaxy as a merger galaxy with a LINER nu- 
cleus. Both the stellar tail and the elong ated asymmetric 
distribution of the ionized gas, detected bv lRampazzo et al.l 
( 2003i ) suggest indeed a recent acquisition e vent. In addition 
the in ner stellar radial velocity, measured bv lLonghetti et al] 
(l99^, has a similar profile but shifted by about 200 km s"'^ 
with respect to the barycentric velocity of the ionized gas. 

lAnnibah et"aLl |20o3) derive a luminosity weighted 
age of 2.2 Gyr for NGC7135, which suggests the pres- 
ence of a young burst of star formation (SF hereafter). 
NGC 7135 is included among the few prototypical galax- 
ies that might have suffere d from a nearly radial merger 
(|Aalto fc Huttemeister|[2000l 'l . Once the effects caused by the 
stellar burst will be over, NGC 7135 is expected to closely 
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resemble the so-called Medusa g alaxy (NGC 4194) as sug- 
gested bv lRampazzo et al] (|2003l ). 

In conclusion, there is evidence that all the three galax- 
ies might have undergone recent (2-3 Gyr) rejuvenation 
episodes. The correlation between the onset of star for- 
mation and the event that triggered the formation of the 
shell structure could be further investigated using ultraviolet 
morphology and photometry (i.e. NUV and FUV GALEX 
observations). 



3 OBSERVATIONS AND DATA REDUCTION 

T he GALEX mission and instruments are fully described 
in lMartin et all (120051 ) and iMorrissev et al.l (|2005l '). The ob- 
serving logs, including exposure times, for each galaxy are 
provided in Table [21 The spatial resolution of the images is 
«4'.'5 and 6'.'0 FWHM in FUV (1350 - 1750 A) and NUV 
(1750 - 2750 A) respectively, sampled with l'.'5xl'.'5 pixels. 

Two galaxies, namely NGC 2865 and NGC 7135, have 
been imaged with GALEX by means of dedicated observa- 
tions awarded to our team. The NUV and FUV data for 
NGC 5018 have been taken from the GALEX archive: the 
FUV image is part of the AU Sky Survey (AIS). Full resolu- 
tion images in the NUV and FUV bands are shown in Fig- 
ure [T] The quality of the images varies significantly as the 
exposure time ranges from the NUV image of NGC 2865, 
the results of the co-adding of several images for a total ex- 
posure time of « 16ks, to the FUV image of NGC 5018 with 
118 s. 

Our first analysis addresses a morphological study of 
the galaxy structures. In order to enhance the S/N in the 
galaxy outskirts and to bring into evidence possible faint 
structures in the UV emission we used both the adaptive 
kernels smoothing a lgorithm available in IRAl(3 and ASMOOTH 
l|Ebeling et al.l2006l ). For each individual pixel the algorithm 
increases the smoothing scale until the S/N within the ker- 
nel reaches a preset value. Thus, noise is suppressed very 
efficiently, while at the same time the real structure, i.e. 
signal that is locally significant at the selected S/N level, 
is preserved at all scales. In particular, extended features 
in noise-dominated regions are visually enhanced (see Fig- 
ures [H [3] and O . 

Surface photometry (Figure [6]) was carried out, on the 
background subtracted images, with the ELLIPSE fitting rou- 
tine in t he STSDAS packa ge of IRAF and with the GALFIT 
package (|Peng et al.|]2002lV The necessary photometric zero 
points were taken from llVIorrissev et al.l (2005). AB mag- 
nitudes, photometric errors and FUV-NUV colours were 
determined from the original un-smoothed data. ELLIPSE 
computes a Fourier expansion for each successive isophote 
l|jed rzcicwskJ Il987l ) , resulting in the surface photometric 
profiles. GALFIT was used to perform a bulge-disk decom- 
position - if needed - and to determine the parameters of 
the Sersic profile fitted to the bulge of the galaxies. The Ser- 
sic profile is a generalisation of the de Vaucouleur law with 



^ IRAF is distributed by the National Optieal Astronomy Obser- 
vatories, which are operated by the Association of Universities for 
Research in Astronomy, Inc., under cooperative agreement with 
the National Science Foundation. 



^(r) ~ r^/", where n is a free parameter (|Sersidll968l '), other- 
wise named the Sersic parameter. The profile is sensitive to 
structural differences between different kinds of early-type 
galaxies and thus provides a better fit to real galaxy pro- 
files. GALFIT was also used to search for fine structures on 
the HST-ACS F606W image of NGC 2865 obtained from 
the HST archive (see Figure [2] central panel). 

We finally analyzed the colour distribution across the 
galaxies. The NUV and FUV images have been scaled to 
the same spatial resolution in order to avoid spurious colour 
gradients in the inner parts (Figure (6]). 



4 RESULTS 

4.1 Galaxy morphology in NUV and FUV 
NGC 2865 

The extension of NUV emission (Figure [2] top panel) 
is comparable with that of the optical image, whereas the 
FUV emission, obtained with a much shorter exposure time 
(see Table 2), shows up only in the central regions of the 
galaxy. 

We attempted to enhance the fine structure in both 
NUV and FUV images using adaptive filters. While the FUV 
image is dominated by the presence of the dust visible in the 
optical image (see the central panel of Figure [2} , several of 
the fine structures detected in this latter are also discernible 
in the NUV image. Both "protrusions" in the West and East 
sides of the galaxy (evident in the HST-ACS optical image) 
and some of the shells (labeled 1 and 2 respectively in the 
top panel) are detected. An external shell at about 2' East of 
the nucleus is barely visible both in the NUV and HST-ACS 
image. 

The field is crowded with faint, possibly background 
galaxies. The two galaxies, ind icated as "Compa nions" in 
the sketch of fine structure by I Fort et all (|l986l . see their 
Figure 4) are detected in NUV and labeled with c. The 
coordinates of the northern object, catalogued as 2MASX 
J09232585-2308093, are 09 23 25.8 -23 08 09. The magni- 
tude is magjv!7y=22.37±0.08. The southern un-catalogued 
object is located at 09 23 29.97 -23 11 41.9. The magnitude 
is magivc/i/=21.09±0.04. 

A chain of bright NUV sources in the East side of 
NGC 2865 (indicated with 3 in the top panel of Fig- 
ure [SJ has a counterpart in some optically faint galax- 
ies, barely detectable in the HST-ACS F606W image. 
From West to East we identify the following galax- 
ies: (a) 9 23 33.4 -23 10 20.2 magivc/y=20.86±0.07, (b) 
9 23 34.2 -23 10 24.9, magjv[/v=23.01±0.18, (c) 9 23 35.1 
-23 10 20.1, magwv=22.88±0.16, (d) 9 23 35.7 -23 10 11.7, 
mag]vt7v=22.21±0.13, and (e) 9 23 36.7 -23 10 11.3, 
mag]v(7v=22.08±0.12. No measurements of redshift are 
available for these galaxies. 

NGC 5018 

The galaxy is characterized by the presence of a complex 
dust-lane system in the inner parts also visible in the HST- 
ACS F336W pass-band which is shown in the bottom panel 
of Figure [3] 

In order to explore the galaxy fine structure we applied 
the adaptive smoothing technique to the image. However, 
the low signal does not allow us to reveal any detail of the 
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Figure 2. NGC 2865. (Top panel) GALEX-^VW image (FOV= 
5'x5'). The image lias been smootiied witii an adaptive filter to 
enliance the outer fine structures. We used for comparison the 
HST-ACS F606W image of NGC 2865 (FOV=3.5'x3.5') {mid 
panel) where the main body of the galaxy has been subtracted 
revealing a complex fine structure and a central dust system. On 
the NUV image, we labeled the NE and NW protrusions (1) and 
the shell system (2) visible in the HST-ACS field of view (see 
also lFort et al.' 1986, sec Figure 4 in the quoted paper). We fur- 
ther labeled with 3 a chain of possibly background galaxies barely 
visible in the op tical band and w ith c the galaxies indicated as 
"companions" in I Fort et al.l l ll986l ). For the faint FUV image bot- 
tom panel) we used the ASMOOTH (Adaptive Gaussian kernel) filter 
with T^in =3. The box in the NUV and FUV images marks the 
HST-ACS FOV. 
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Figure 3. NGC 5018. (top panel) GALEX tiVY (5'x5') image 
after the application of ASMOQTH filter with Tmin = 7 . (mid panel) 
UKSTU Schmidt image with the same field of view of the GALEX 
NUV image, (bottom panel) UV F336W (10" X 10") image from 
HST-ACS which reveals the complex system of dust within this 
galaxy The box in the NUV and UKSTU images marks the HST- 
ACS FOV. 
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Figure 4. GALEX UV and optical images in a 5x5 arcmin^ 
field around NGC 7135 galaxy. Top and mid panels: NUV and 
FUV images obtained with ASMDOTH for f^yiin — 8 and t^^^ — 4 
respectively. The contrast of the FUV image has been enhanced 
in order to show the extension of the emission. Bottom panel: 
UKSTU Schmidt image. 
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Figure 5. GALEX FUV-NUV 2D map of NGC 2865 top panel) 
and NGC 7135 {bottom panel). The colour-colour (FUV - NUV) 
maps of NGC 2865 and NGC 7135 are derived using NUV and 
FUV images of equivalent exposure time. 



shell structure sketched in the optical by iFort et al.l (I1986D 
(see their Figure 5). 

NGC 7135 

Contrary to the previous cases, the fine structures vis- 
ible in the optical DSS image are also revealed both in the 
NUV and FUV images (see Figure [3] top and mid panels). 
Specifically, the SW shell as well as the faint plume extend- 
ing from the galaxy center towards the South are clearly vis- 
ible. In the NUV image, the filamentary tidal tail in the NW 
direction of the galaxy nucleus visible in the optical image 
is also seen. This feature makes NGC 7135 a possible analog 
of th e "Medusa" galaxy, NGC 4194, (see iRampazzo et al.l 
l2003f ). 

Both GALEX images suggest the presence of dust in 
the galaxy nucleus. 
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4.2 NUV and FUV photometry 

Figures shows the colour (FUV - NUV) maps of NGC 2865 
and NGC 7135. The NUV and FUV luminosity profiles of 
NGC 2865 and NGC 7135 and the NUV profile of NGC 5018 
are shown in Figure [§] E)ue to the low expousure time, we 
do not show the luminosity profile of NGC 5018 in FUV 
because the S/N is very low. We present also the F606W 
and F336W luminosity profiles of NGC 2865 and NGC 5018 
respectively. The related colour profiles are plotted in the 
bottom panels of Figure [6] 

NGC 2865 has a nearly flat and red colour profile with 
(FUV-NUV)«2 throughout the galaxy. NGC 7135 is quite 
blue in the center (FUV-NUV)~0 and becomes as red as 
(FUV-NUV)«1.5 in the outskirts including the region where 
the faint plume and the shell-like feature are present. 

In Table Owe present the salient photometric data: the 
effective radius r^, i.e. the radius containing half of the total 
galaxy light, the Sersic index, n, the total magnitude com- 
puted from the surface photometry in the FUV and NUV 
bands and the global (FUV-NUV) colour. 

The re values obtained in the NUV and the FUV bands 
for NGC 2865 are different. The two images have been ob- 
tained with different exposure times (see Table 2). The bet- 
ter determined value of re in the NUV band is consistent 
with that estimated from the F606W HST-ACS optical im- 
ag e and in agreement with the the B-band values reported 
in lDe Vaucouleurs et aD ()l99ll ). 

Both in NGC 2865 and NGC 7135, we measured differ- 
ent values of the Sersic index n in the NUV and FUV bands 
(see Table 3). The fit is very sensitive to the profile struc- 
ture. The FUV and NUV luminosity profiles of NGC 7135 
appear to be really different throughout the galaxy as mea- 
sured by their very different Sersic indices n. In the F606W 
image the Sersic index we obtained for NGC 2865 is n=1.8 
consistent both with NUV and FUV values although in the 
optical image the presence of fine structures influences more 
strongly the determination of the luminosity proflle than in 
the NUV and FUV images. 

NGC 2865 and NGC 7135 show quite different 
(FUV-NUV) gradients. Recent simulations of chemo- 
dynamical evolution of elliptical galaxies (including ra- 
diative cooling, star formation, feedback from Type II 
and la SN ae, stellar winds and ch e mical enrichment) per- 
formed byfchiosi fc Garrard (j2002l ). iKobavashil (|2004h and 
iMerlin fc ChiosH (|2006l l show strong radial metallicity gra- 
dients in dissipation-less and monolithic collapse of galaxy 
formation, respectively. Much shallower gradients are fore- 
seen if galaxies formed through major mergers. From an ob- 
servational point of view, both NGC 2865 and NGC 7135 
colour profiles are to some extent peculiar since ellipticals 
show, on the average, a reddening of the colours towards 
the center (Peloticr 1990) as a consequence of a metallic- 
ity gradient. On the ground of the lack of correlation be- 
tween both the metallicity-(7c and [a/Fe]-o-c relations (ctc 
and [a/Fe] are central velocity d ispersion and the a- en- 
hancement) lAnnibali et al.l (j2007l ) suggest that the young 
ages measured for some of their early-type galaxies are not 
the result of a more prolonged star formation. In particular, 
for NGC 7135, they support the idea that the young age 
measured is due to a recent rejuvenation episode of which 
the presence of the shells morphology is a further indication. 



Table 3. Summary of tlie GALEX photometric data 





NGC 2865 


NGC 5018 


NGC 7135 


r^^^ [arcsec] 


27 


34 


52 


rf^^ [arcsec] 


37 




52 


nsersic [NUV] 


1.5 


3.3 


2 


nsersic [FUV] 


2.2 




4 


m*/^^(1530A) 


18.59±0.14 




17.85±0.25 


m^^^(2310A) 


16.84±0.10 


16.70±0.14 


16.87±0.13 


(FUV-NUV)*°* 


1.76±0.23 




0.99±0.38 



In the following sections we will investigate if the above hy- 
pothesis is also supported by our GALEX data. 



5 DISCUSSION 

5.1 Shell galaxies and their environment 

The GALEX wide field of view allows us to study the en- 
vironment of shell gal axies. Table [T] reports the low galaxy 
density estimated by ITuUvI 11988) for our objects. Given 
that sheU galaxies are typically found in low density envi- 
ronments, both their high frequency (16.5% of field Es show 
shells) and their most likely interpretation (the result of a 
recent accretion/merging event) suggest that these systems 
could trace the typical secular evolution of early-type galax- 
ies within poor, loose groups. 

In this context, the SO galaxy NGC 474 with a large 
shell system and member of Arp 227 toget her with the spi- 
ral NG C 470, could be a typical example. iRampazzo et al.) 
(|2006| ) argued that both the large shell system (likely due 
to an accretion episode) and the gas rich, faint late-type 
companions detected in Hi south of NGC 470 would sug- 
gest that Arp 227 is a "poor group in evolution" . Therefore, 
it could show us how the evolution proceeds in low density 
environments. Indeed both the {Mh^/Mh 1+H2) a-nd Lx/Lb 
ratios for NGC 470 are indistinguishable from those of iso- 
lated galaxies while the X-ray emission of NGC 474 is barely 
detected by XMM-Newton observations .Rampazzo et al.l 
(j2006[ ) at odds with evolved groups and/or so called "fossil 
groups" (|Sansom et al.|[2000l ). Arp 227 could be a snapshot 
of a group in early evolutionary phases, the drivers of which 
are the accretion of faint companions and the ongoing large 
scale interaction between the dominant members NGC 470 
and NGC 474. 

Following this hypothesis we looked for the large scale 
distributions of H I available in the literature that could be 
associated to our shell galaxies and to possible companions. 
GALEX FUV and NUV data will enrich the picture provid- 
ing us with the star formation status of the member galaxies. 

Figure [7] sho ws the overlay o f the NGC 2865 H I ob- 
servations by iSchiminovich et al.l (Il995l ) with our GALEX 
NUV image. The NUV image offers the same indications 
about the association of fine structure and H I emission as 
the optical image. The atomic gas seems to be associated 
with the outermost east shell of NGC 2865, while a break 
is present in the centre of the galaxy and in the position of 
the West protrusion. 

Contrary to the case of the DSS image 
(|Schiminovich et al.l 1 19951 . see their Figure lb), in our 
deep NUV image (Figure [7]) it is only possible to guess both 
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Figure 6. {top left panel) GALEX UV and optical surface brightness profiles of NGC 2865. (top mid panel) Near UV and GALEX NUV 
luminosity profiles of NGC 5018 . {top right panel) GALEX UV surface brightness profile of NGC 7135. {Bottom panels): colours profiles 
from left to right of NGC 2865, NGC 5018 and NGC 7135. With the vertical dashed line at 5" the approximate FWHM of the GALEX 
PSF is indicated. 



the large North West stellar loop present in the optical 
image and the faint ribbon that projects outwards to the 
South East. Along this latter we notice however an arc-like 
increase of the NUV luminosity without any obvious optical 
counterparts in the DSS image. 

The Hi map shows that there is at least a com- 
panion 5.7' South-East of NGC 2865, namely FGCE 745 
whose GALEX magnitudes are magjv(7v' = 18.77±0.01 and 
magFc/y = 19.34±0.04. The (FUV-NUV)= 0.57±0.04 colour 
is con sistent with a late-type classification (|Gil de Paz et af] 
I2OO6I '). The optical systemic v elocity of NGC 2865 is 262 7±3 
km s~^. The HI detection bv ISchiminovich et al.l (|l995l ) in- 
dicates that the systemi c velocity of FGCE 745 is ^2725 
km s~^. More recently, (jMattews fc van Driell |2000 '1 mea- 
sured a systemic velocity of 2480±14 km s~-^ for FGCE 745 
suggesting that the galaxy is connected to the NGC 2865 
South-Est H I tail. 

Also the environments of NGC 5018 and NGC 7135 
are quite rich in cold gas. Figure [S] shows the H I im- 
age of the field con taining NGC 50 18 obtained with 
VLA C+D-array by Ki m et al.1 l| 19881 ). There are four 
Hi rich galaxies physically associated to this bona fide 
elliptical, namely NGC 5022 (Vhei= 3001±8 km s"^ 
magivc/v=17.12±0.01), ESQ 576-G 008 (Vm=2691±39 
km s-i; magiv!7v = 18.10±0.02), LEDA 140148 (Vhei=3110 
km s"^ mag]vc/v=17.82±0.03), and LEDA 140150 
(Vhei^2732 km_s"^ mag]vc/v=19.61±0.06). According 
to iKim et al.l l| 19881 ). there is a clear indication of in- 
teraction between NGC 5018 and the spiral companion 
NGC 5022 from which the gas appears to be flowing 



towards NGC 5018. The above authors report also about 
the presence of several blobs of Hi, which are marginally 
detected within a few arcminutes from the optical centre 
of NGC 5018, and of other three Hi features in the group 
whi ch are not associated with any visible galaxy. 

ISchminovich et al] l|2000l ) report the presence of a puz- 
zling, large Hi filamentary structure nearby NGC 7135. 
In the field of NGC 7135 shown by Figure |9] are present 
two galaxies of comparable size; APMUKS(BJ) B214615.65- 
350701.6 and ESQ 403-G 033 West and South West of the 
galaxy, respectively. The first is not associated to NGC 7135 
since it has Vhei=4831 km s~^. No redshift measures are 
available for the second object. Neither the FUV nor the 
NUV images show objects possibly associated to the H I fil- 
amentary structure. 

5.2 Do shell galaxies host a recent starburst? 

iLonghetti et al.l (I2OO0I ) studied the H/3 vs. [MgFe] plane try- 
ing to infer the age of the stellar population in shell galaxies 
comparing their line-strength indices with those of a sample 
of interacting and normal early-type galaxies. In the above 
plane, shell galaxies show the same distribution of normal 
early-type, although a nu mber of shell gal a xies a nd pairs 
have a much stronger H/3. ILonghetti et al.l l|2000l) suggest 
that the scatter in the H/3 vs. [MgFe] plane could be due to 
a common origin, perhaps a secondary episode of star for- 
mation after their formation. The explanation comes nat- 
urally for shell (and pair galaxies) where the signatures of 
interaction are evident. The shape of the distribution of the 
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Figure 7. NGC 2865. VLA B+C -array, 20" resolution H I observations performed bv lSchiminovich et al. I (119951) overlaid on the GALEX 
NUV image. The FOV is 13'xl3'. The galaxy SE of NGC 2865 is FGCE 745. 



line-strength indices in the H/3 vs. [MgFe] plane suggests the 
presence of an effect of a metal enrichment tha t always ac- 
company star formation. iLonghetti et al.ll|l999^ further sug- 
gest that, if the last star forming event is connected to the 
formation of the shell system as expected from simulations, 
the shells ought to be a long lasting phenomenon since star 
forming events that occurred in the nuclear region of shell 
galaxies are statistically old (from 0.1 u p to several Gyr). 
It is wo rth mentioning here the study bv lXantalo fc Chiosil 
l|2004bl ) who added another dimension to the problem, i.e. 
the effect of the degree of enhancement in a elements in the 
abundance patterns. They argued that part of the scatter 
in H/3 could reflect the intrinsic variation of a enhancement 
from galaxy to galaxy existing in old populations of stars due 
to different star formation histories rather than a dispersion 
in age caused by more recent star forming episodes. 

Based on these premises, we investigate whether the 
GALEX data may confirm or disprove the case that shell 



galaxies hosted a recent star burst event. Given that UV 
colours are considered to be particularly suited to identify 
very young stellar populatio ns and their distribu tion inside 
interacting galaxies (see e.g. lHibbard et aDl2005h . to (FUV- 
NUV) we also add the UV-optical colours. There is, how- 
ever, an important point to keep in mind dealing with UV 
colours, i.e. the possibility that high metallicity, old stars 
(age ^ 10^'^ yr and metallicity Z ~ 2>Zq) likely present 
even in small percentages in early-type galaxies could af- 
fect the (FUV-NUV) colours. The evolved stars in metal 
rich populations (Extremely HB and AGB-manque) are the 
proposed source of the UV excess in quiescent early-type 
galaxies l|Bressan et al.|[l994 ) and any modeling of star for- 
mation must t ake t his population into consideration. See 
iBressan et al.l l|l994) for a detailed discussion of the sub- 
ject. Fortunately, we can consider additional clues (presence 
of dust and gas, dynamics, overall spectral energy distribu- 
tion) in interpreting the results. 
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Figure 8. NGC 5018. HI observations overlaid on the GALEX NUV original ad aptively smoothed image. The FOV is 30'x30'. The HI 
image obtained with VLA C+D-array, has a resolution of 60" l|Kim et aLlllQSSh . We label in the figure the galaxies that HI reveals to 
belong to the groups around NGC 5018. The radial velocity interval of galaxies labeled in the figure, including NGC 5018 at the center 
of the field, is AV ^ 420 km s"!. 



Our shell galaxies are dynamically young objects and 
belong to environments containing fresh gas in the ion- 
ized, neutral and molecular forms. However, the spatial dis- 
tribution of the gas changes from galaxy to galaxy. Only 
for NGC 7135 is there some indication in the literature 
for ongoing gas re- fue lling. In the centre of this galaxy 
iRampazzo et al. I l|2003l ) detected in the Hq emission line the 
presence of an ionized gaseous component for a total exten- 
sion of «20", elongated in the southwest direction in corre- 
spondence to the FUV emission (Figure |3] mid panel). The 
ionized gas and the stars differ significantly in systemic ve- 
locity (see § 2) suggesting that the gas likely originates from 
an interaction/accretion episode suffered by the galaxy. 

For our three galaxies estimates of the mean luminosity 
weighted ag es have been der iv ed fro m optical line-strength 
indice s bv iLonghetti et al.l (Il999l). iLeonardi fc WorthevI 
l|2000l ). lLcmghetti et all l|2000l ). IRampazzo et all l|2005h . and 



lAnnibali erall |20o3). For comparison we consider here 
the se t of early-type g a laxies analy zed by Rampazzo et al.l 
(|2005l ). lAnnibah etal] (|2006l ), and lAnnibah et all l|200'i1 ). 
These galaxies are characterized by (i) the presence of ion- 
ized gas, (ii) their location in low density environments, 
also typical of shell galaxies, and (iii) the presence of dy- 
namical/morphological peculiarities in a high percentage of 
them. Finally, there are also a few additional shell systems. 
In addition to the three galaxies of this study, out of the to - 
tal sample of 6 5 ob jec ts stu died bv IRampazzo etliL 
lAnnibali et"al] l|2006l) . and lAnnibah et al.l (|2007| ). we have 
taken 15 early-type galaxies for which the GALEX measure- 
ments are already to disposal. In total we consider a sample 
of 18 galaxies. All relevant data are summarized in Tables H) 
and (5] 

Table m lists the total FUV, NUV and V magnitudes, 
the colour (B-V), the central velocity dispersion ctc in km/s. 
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Figure 9. NGC 7135. HI observations overlaid on tlie GALEX NUV ori ginal adaptively srnoothed image. The FOV is 20'x20'. The 
HI image obtained with VLA C+D-array, has a resolution of 60.4" X 43.2" ISchminovich et al ] l|2000h . Galaxies West and South West of 
NGC 7135 are APMBGC 403 -112+002 (4831 km s"! from NED, i.e. not bound to NGC 7135) and ESQ 403-G 033 (redshift unknown) 
respectively. 



the effective radius in arcsec, and the colour (FUV- 
NUV)r^/g (see below for the meaning of the suffix). Table[5] 
lists the values of line-strength indices that are customarily 
considered to be more sensible either to the age (e.g. H/3, H7, 
H(S) or the metallicity (e.g. Mg2). They are measured within 
an aperture centered on the nucleus of the galaxy with ra- 
dius re/8 (the effective radius, r^, contains half of the total 
galaxy light calculated in the B-band). Fina lly we list the age 
and m e tallicity assigned to e ach g alaxy by Ram pazzo ct ahl 
l|2005l ). lAnnibaU et all l|2006l ). and lAnnibah et al., (2007.) as 
the most likely solution in the (age, Z, and [a/Fe]) space. 

There is an important consideration to be made about 
the "sensitivity" of the indices to the three most im- 
portant parameters (age, metallicity, and degree of a- 
enhancement) . The subje ct has been recently addressed by 
iTantalo fc Chiosil l|2004bl ) from a quantitative point of view. 
Limiting the discussion to H/3 and Mg2, the situation is 



as follows: H/3 strongly depends on all the three parame- 
ters with little resolving power; Mg2 primarily depends on 
metallicity and age, little o n the the degree of enhanc ement. 
For details see Table 5 of iTantalo fc Chiosil (12004b'). This 
may explain part of the difficulties we have encountered with 
some galaxies in the discussion below. 



Using these data we look for significant correlations be- 
tween the GALEX (FUV-NUV)r^/8 colour measured within 
re/8 and the line-strength indices and compare them with 
theoretical predictions. To this aim we need to generate inte- 
grated magnitudes and colours of Single Stellar Populations 
(SSPs) with different chemical compositions in the GALEX 
pass-bands. 
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Table 4. Data for the sample of 18 galaxies examined in this study. Columns (1) through (8) list the galaxy identification, the total 
FUV, NUV and V magnitudes, the total central colour (B-V)tc, the central velocity dispersion CTc in km/s, the effective radius re in 
arcsec, and the colour (FUV-NUV) within re/8. 



Galaxy 


NUV 


FUV 




V 


(B-V)tc 


log (Tc 




re 


(FUV-NUV) 
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total 


total 
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NGC 


1389 


16.78±0.01 


18.63±0 


02 


11.42±0.13 





79±0.01 


2.14±0 


03 


15.0 


1.37±0.22 


NGC 


1407 


14.93±0.01 


15.64±0 


01 


9.40±0.20 





84±0.01 


2.44±0 


01 


70.3 


0.19±0.22 


NGC 


1426 


16.84±0.03 


18.30±0 


08 


11.29±0.05 





76±0.01 


2.19±0 


01 


25.0 


1.02±0.59 


NGC 


1453 


17.03±0.06 


18.16±0 


12 


11.13±0.13 





83±0.01 


2.48±0 


03 


25.0 


0.80±1.20 


NGC 


1521 


17.15±0.33 


18.66±0 


11 


11.24±0.06 





SlitO.Ol 


2.38±0 


02 


25.5 


0.15±0.49 


NGC 


1553 


14.53±0.01 


16.18±0 


01 


9.31±0.08 





75±0.01 


2.25±0 


01 


65.6 


1.24±0.22 


NGC 


2865 


16.93±0.01 


19.15±0 


04 


11.34±0.14 





71±0.01 


2.26±0 


02 


12.5 


2.52±0.28 


NGC 


4374 


14.35±0.01 
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01 
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82±0.01 


2.45±0 


01 


50.9 
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NGC 


4552 
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01 


9.57±0.05 





82±0.01 


2.42±0 


01 


29.3 


-0.05±0.22 


NGC 
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16.45±0.08 






10.40±0.13 





71±0.01 


2.38±0 


02 


22.8 


1.05±0.75 


NGC 
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02 
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01 
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02 
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01 
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04 
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2.28±0 


02 


19.8 


1.51±0.27 


NGC 


7135 


17.02±0.01 


18.44±0 


02 


11.58±0.10 





84±0.01 


2.36±0 


02 


31.4 


-0.03±0.23 


IC 1459 


15.58±0.02 


16.49±0 


04 


9.89±0.15 





85±0.01 


2.49±0 


01 


34.4 


0.43±0.22 



The values of (FUV-NUV) have been corrected for foreground extinction ijSchlegel et al.iri998h . 



Table 5. Line-strength indices within re/8 and age and metallicity assignments for the sample of 18 galaxies listed in Table|4] 



Galaxy 


H/3 


H7A 




H(5A 


Mg2 


Age 


Z 




ident 




[. 




[re/s] 




[r^/g] 


[, 




[Gyr] 






NGC 


777 


1 


48±0.80 


-5.340±0 


803 


-3.080±0.585 





336±0.013 


5.4±2.1 





024±0.004 


NGC 


1052 


3 


21±0.09 


-7.960±0 


143 


-3.250±0.109 





335±0.003 


14.5±4.2 





032±0.007 


NGC 


1380 


1 


75±0.09 


-5.570±0 


111 


-2.740±0.102 





306±0.002 


4.4±0.7 





038±0.006 


NGC 


1389 


1 


80±0.10 


-5.490±0 


127 


-2.230±0.113 





286±0.003 


4.5±0.6 





032±0.005 


NGC 


1407 


1 
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2 
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1 
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The a ge of NGC 2865 is derived from the analysis of H/ 3 and [Call] indices by Longhetti et al.l lll999l ) and iLonehetti et al.l 
l|2000h . For NGC 5018 we adopt the age estimated by iLeonardi fc Worthed j2000l ) on the basis of [Call] and H<5/ A4005 
line-strength indices. For both galaxies the H/3 and Mg2 line-strength indices are taken from ILonehetti et al. 1 1|2000[) . 



5.3 Modelling GALEX magnitudes and colours 

In the following we briefly summarize the key assumptions 
and features of the stellar models and isochrones, library of 
stellar spectra and the ABmag photometric system that are 
used to calculate theoretical FUV and NUV magnitudes for 
SSPs. 

Stellar models and isochrones. We have adopted the 
Padova Library of stellar models and companio n isochrones 
according to the release bv lGirardi et al.l l|2000l ) and Girardi 



(2003, private communication). This particular set of 
stel lar models/is o chrone s differs from the classical one 
by iBertelli et al.l (Il994l ) for the efficiency of convective 
overshooting and the prescription for the mass-loss rate 
along the Asymptotic Giant Branch (AGB) phase. The 
stellar models extend from the ZAMS up to either the start 
of the thermally pulsing AGB phase (TP-AGB) or carbon 
ignition. No details on the stellar mod els a re given here; 
they can be found in iGirardi et al] (|2000l ) and lGirardi" et al.l 
{^200Z ). Suffice it to mention that: (i) in low mass stars 
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Table 6. Chemical composition for the SSPs in use. 



z 


Y 


X 


0.008 


0.248 


0.7440 


0.019 


0.273 


0.7080 


0.040 


0.320 


0.6400 


0.070 


0.338 


0.5430 



-2.5 log 



passing from the tip of red giant branch (T-RGB) to 
the HB or clump , mass-lo s s by stellar winds is included 
according to the iReimerj (|l975l ) rate with r;=0.45; (ii) 
the whole TP-AGB phase is included in the isochrones 
wit h ages older than 0.1 Gy r according to the algorithm 
of iGirardi fc BerteUil (119981 ) and the mass-loss rate of 
IVassihadis WoodI (119931 )7 (iii) four chemical compositions 
are considered as listed in Table |6l 

Library of st ellar spectra . The library of stellar spec- 
tra is taken from lGirardi et al] (|2002l ). It covers a large range 
of the log Toff - log g - and [M/H] space. No details are given 
here. Suffice to mention 

• The basic spectra are from Kurucz ATLAS9 non- 
overs hooting models (|Castelli et al.l Il997l : iBessell et al.l 
1 19981 ) complemented with: 

• Black-body s pectra for roff>50,000 K; 

• iFluks et al.l l|l994 ) empirical M-giant spectra, ex- 
tended with synthetic ones in the IR and UV, and modi- 
fied short- ward of 4000A so as to produce reasonable T^s- 
{U — B) and TeH - iB — V) relations for cool giants; 

• lAllard et all (|2000l ) DUSTY99 synthetic spectra for 
M, L and T dwarfs. 



Using the above library of stellar models and spectra, we 
have calculated the SSPs integrated spe ctra following the 
method described in iBressaxi et al.1 (Il994l ). 
It is worth recalling here that above a certain value of the 
metallicity, say Z = 3Zq, these SSP exhibit the UV excess 
caused by the so-called AGB manque stars of high metal 
content, whose percentage in the stellar population mix of 
a galaxy is small but high eno ugh to give rise to the UV- 
upturn fsee lBressan et ahll 19941 . for all details). 
The theoretical absorption-line indices in the Lick sys- 
tem ha ve been calculated as described in lTantalo fc Chiosil 
(|2004al lbl. Sect.4) with tii e aid o f the fitting functions (TTs) 

;iven by IWorthev e-TsI} l|l994h and IWorthev fc Ottavianil 

1993). 

The theoretical magnitudes used in th is study h ave been 
calculated in the ABmag system (see lOkd 1 19741 ) for the 
Johnson-Cousins-Glas s UBVRIJHK sy s tem, using filter re- 
spons e curves from iBessell fc BrettI l| 19881 ) and iBesselj 
l|l99tf ) and for the two bands (FUV and NUV) of GALe50 
as described below. 

The ABmag system. If the spectral fiux as it arrives at 
the Earth, f\, is known, the apparent magnitude ms^, in a 
given pass-band with transmission curve S\ in the interval 
[Al, A2], can be calculated by: 



^ The whole library of SSP models can be found on the website 
\http://dipastro.pd.astro.it/galadriel/\ 



(1) 



where fx represents a reference spectrum (not necessary a 
stellar one) that produces a known apparent magnitude m^^ 
Here, both and mg^ , completely define the "zero-points" 
of a synthetic photometric system. 

By photometric "zero-points", one usually means the con- 
stant quantities that one should add to instrumental mag- 
nitude in order to transform them to standard magnitudes, 
for each filter 5'a. In the formalism adopted here, we do not 
make use of the concept of instrumental magnitude, and 
hence such constants do not need to be defined, and we con- 
sider as "zero-points" the quantities in eqn.([l} that depend 
only on the choice of and , which are constant for 
each filter. 

In the original work bv lOkel l|l964h . monochromatic AB mag- 
nitudes are defined by 



mAB,,. = -2.5 log -48.60 



(2) 



This means that a reference spectrum of constant flux den- 
sity per unit frequency 

Jab,,. = 3.361 x 10''^° [erga-^cm-^Hz~^] (3) 

will have AB magnitudes ^= at all frequencies u. 
This deflnition can be extended to any filter system, pro- 
vided that we replace the monochromatic flux with the 
photon counts over each pass-band Sx obtained from the 
star, compared to the photon counts that one would get by 
observing /%,„: 



-2.5 log 



j'HX/hc)fxSxdX 



nWhc)f%,x^x 



SxdX 



(4) 



where fAB.\=fAB,vC/X^. It is easy to show that eqn.(|4ll 
is just a particular case of the most general eqn.(Il| for 
which fAB,v is the reference spectrum given by eqn.([3l, and 
m'AB.Sx~ ^ reference magnitudes. 



5.4 Comparing data with theory 

The comparison of data with theory is made assuming that 
the complex stellar mix of a real galaxy can be reduced to 
a SSP of suitable metallicity and age. However this approx- 
imation has different implications for the two parameters. 
While the metallicity distribution can be "reasonably" ap- 
proximated to the mean value, the same does not hold for 
the age, when this deriv ed from integrated properties (see 
e.g. ISerra fc Trageij|2007l ). In the discussion below, one has 
to keep in mind that the age we are measuring from colours 
and indices is always biased by the last episode of star forma- 
tion. In other words, it is a mean luminosity weighted age, 
in which the most recent star forming episode dominates at 
least during the flrst 2-3 Gyr from its occurrence. This is 
simply due to the rather well established law of luminosity 
fading of stellar populations, which ultimately mirrors the 
lifetime and evolutionary rate of a star as a function of its 
mass. In the following we will refer to this age as Tsf- It 
does not necessarily coincide with the real age of a galaxy 
Tg- In general, if a galaxy underwent an initial star forming 
episode ever since followed by quiescence, Tsf — To; if later 
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Figure 10. (a panel) GylLEJf total (FUV - NUV) colour vs. corrected total (B-V) colour. (FUV - NUV) colour within an aperture of 
re/8 radius vs. central velocity dispersion (h panel), Mg2 line-strength index (c panel), Z (average galaxy metallicity) (d panel), H/3 (e 
panel), H7A (f panel ), H5A (g panel) line-strength indices and the t he average AqeTap (h panel) estimated i n the [Age, Z, [aFe] space 
llAnnibali et al.ll2007t) . Line-strength indices have been computed by iRampazzo et alT 1 2005h ; lAnnibali et al. Lines in a, c, d, e, 

g, h panels report single stellar population models of different metallicities (solar metallicity Z=0.019). In the plane (FUV-NUV)r^/8 vs 
(e panel), shell galaxies, NGC 2865 and NGC 7135, and NGC 1052 appear to be peculiar. They indeed have quite high H/3 values 
suggesting the presence of a young stellar population. The case of NGC 1052 is probably connected with the LINER/ AGN nature of 
this e lliptical galaxy: its H/3 line-strength index is objectively difficult to be corrected for emission line "infilling" (see also lAnnibali et al.l 
l2007t) . NGC 2865 and NGC 7135 could partly suffer the problem of a (over)correction of the H/3 line— strength index (see discussion in 
§ 5.4). 



episodes of star formation occurred, Tsf < Tq, the differ- 
ence getting larger as the secondary activity gets closer to 
us in time. An old galaxy, may look young if secondary star 
formation activity took place in the "recent past". We will 
come back to this in more detail later on. 



in the panels (a) through (h) of Figure[TO]in which the galax- 
ies of Tableland [5] and the theoretical predictions are com- 
pared. Among the 18 galaxies under examination, we label 
the three of the present study and NGC 1553, NGC 6958, 
and NGC 1052, which deserve particular attention. 



The correlations we have been looking at are displayed 



According to lAnnibali etHI (|2007l ') NGC 1553 has a 
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Figure 11. Comparison of the theoretical relation Mg2 vs. 
GALEX UV (FUV on the left and NUV on the right) - optical 
colours with our data. 



luminosity weighted age Tsf of about 4.8±0.7 Gyr and a 
metallicity of Z=0.031±0.004. The colour (FUV-NUV)r^/8 
for this galaxy is 1.24±0.22. Rampazzo ot al. (2003) found 
that ionized gas is present in the centre of this galaxy. The 
kinematics shows that the ionized gas has a nearly regular 
velocity field suggesting that, if it was acquired from outside, 
the gas had time to settle down onto a small dis k. 

NGC 6958 belongs to the iMalin fc Carteil ll 19831) list 
of southern shell early- type galaxies. Saraiva et al.l ( 19991 ) 
show that the galaxy does not show any significant signa- 
ture of interaction in the elliptically shaped isophotes. They 
conclude that, if the galaxy underwent a merger, the com- 
panion galaxy has pr obably already merged. According to 
lAnnibali et al.l ()2007[ ) the average age Tsf of the galaxy in 
the central part is about 3.0±0.3 Gyr and the metallicity is 
about two times solar (Z=0.038±0.006). 

Finally, the giant elliptical NGC 1052 is a well known 
optical LINER with an obscured AGN nucleus (see e.g. 
iTerashima et al.ll2002l ). 

In the plane (FUV-NUV),^/8 vs (B-V)tc (Figure [10] 
panel a), the galaxies of our sample share the same dis- 
tribution of normal early-type galaxie s and shell galaxie s 
are among the bluest objects (see e.g. iDonas et al.l l2006h . 
The distributions of galaxies in the planes (FUV-NUV)^^/8 
vs. the central velocity dispersion (Jc and Mg2 index (Fig- 
ure [To] panel b and c, respectively ) are consistent with 
those reported for Virgo early-type galaxies in Table 1 of 
iBoseUi et al.] (|2005l ). 

In the plane (FUV-NUV)r^/g vs (panel e of Fig- 
ure I10[l . shell galaxies appear to be peculiar. They in- 
deed have quite high H/3 values suggesting the presence of 
young stellar populations. However, only NGC 7135 has 



also a rather blue (FUV-NUV)r^/8 colour. The case of 
NGC 1052 showing also a high H/3 is probably connected 
with the LINER/ AGN nature of this elliptical galaxy: its 



H/3 line-strength index is objectively diffic ult to be cor- 
recte d for emission line "infilling" (see also lAnnibali et al.l 
I2OO7I ). In this sense, the shift towards high H/3 of NGC 2865 
and NGC 7135 could partly suffer the problem of a 
(over) correction of the line-strength index, although, most 
of the galaxies plotte d in Figure 1101 have emission lines in 
their spectra (see also lRampazzo et al.ll200"5l : lAnnibali et al.l 
I2OO6I ). 

In the planes (FUV-NUV)r^/8 vs H7 and H5, shown in 
panels / and g of Figure 1101 where corrections are expected 
to be lower, shell galaxies more closely follow the trend and 
position predicted by the theoretical models. 

According to the literature, all shell galaxies in our sam- 
ple likely had a secondary, recent burst of star formatio n in 
their nuclei. For NGC 2865 lLonghetti et al.1 (| 19991 . 12OOOI) ob- 
tained an average age estimate Tsf for this star episode of 
about 2 Gyr both from H/3 and the CaII[H-|-K] indices. A 
similar age Tsf (2.2± 0.4 Gyr) is attributed to NGC 7135 by 
lAnnibali et"all (|2007l ) as a consequence of its Balmer line- 
strength indices and metallicity higher than 2 times solar 
(Z=0.047±0.010). Although these two galaxies should have 
the same Tsf from line-strength indices they are located 
in the age - (FUV-NUV)rj/8) a^t the two opposite extremes 
of the (FUV-NUV)r^/8 values. Notice however in Figure [HI 
that NGC 7135 had a radial gradient in (FUV-NUV) mov- 
ing from the centre to the outskirts where (FUV-NUV)r^/8 
is approximately 1-1.4. If NGC 7135 hosts a young stellar 
population, this is confined in the very centre of the galaxy. 
From the data shown in Figure [5] there is no hint that the 
burst has occurred also in the shell. 

Furthermore, in panels d and h of Figure [10] we show 
the correlation between (FUV-NUV )^. /8 and the a g e Tsf 
and the metaUicity Z estimated by lAnnibali et al.l (|2007l ) 
from the data within re/8 area. Notice that NGC2865 is 
missing because iLonghetti et al.l (2000) did not derive the 
metallicity of this object. All the galaxies in our sample span 
large ranges of metallicity (Z between 0.018 and 0.05) and 
ages Tsf (between 2 and 14 Gyr). NGC 7135 is very pecu- 
liar because a high metallicity and a young Age have been 
estimated for this object: indeed it is the galaxy with the 
largest discrepancy from the theoretical expectation. 

Figure [TT] shows the plane (FUV-V) and (NUV-V) vs 
Mg2 and the comparison between theory and data. The line- 
strength index Mg2 of each galaxy is derived in the re/8 
aperture, whereas the (FUV-V) and (NUV-V) colours refer 
to the whole galaxy. We are aw are that this makes m ore dif- 
ficult the comparison. Anvwav. lAnnibali et al.l (|2007l ) found 
that, at least within re/2 there are no gradients in age 
and/or a-enhancements across the galaxies of their sam- 
ple, whereas an average negative gradient in metallicity is 
firmly detected from the centre to re/2. In any case. Fig- 
ure [11] shows that a large spread for Ts f should exist and 
that the shell galaxies have the shortest values. 



5.5 Simulating bursts of star formation 

Composite models with bursts. The above comparison of data 
with theory has repeatedly strengthened the hint that at 
least part of the scatter in the various diagnostic planes 
could be due to recent episodes of star formation (see Fig- 
ure [11] and the panels d, e, and h of Figure llOfl . Not all 
diagnostic planes have the same power; however, the plane 
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Figure 12. GALEX (FUV - NUV) colour vs. H/3 within an aper- 
ture of re/8 radius. In above plane, the aging path of a galaxy 
stellar population is indicated by the arrow. The position of a 10 
Gyr old galaxy with solar chemical composition is indicated by 
the large star located in the top left part of the plot. A burst 
of star formation, superposed on such an old stellar component, 
produces the "closed paths" traced in the plot by dotted, long- 
dashed, short-dashed and solid lines according to the percentage 
of the mass involved in the burst and of the different metallicity 
in the newly born stars. The paths shown consider the percent- 
ages of 10% and 20% of mass engaged in star formation with a 
solar and two times solar metallicities. The time elapsed from the 
beginning of the burst is indicated along the solid line, tracing the 
path of a burst involving 20% of the mass with two times solar 
chemical composition. In this context, the time elapsed from the 
burst of star formation in NGC 7135 appears shorter than that 
of NGC 2865 and in NGC 1553. 



(FUV-NUV) vs. H/3 (panel e of Figure [TCT)) deserves particu- 
lar attention because of the peculiar position of NGC 7135, 
NGC 1052 and NGC 2865. 

With the aid of the population synthesis technique we 
present simulations of composite stellar populations in which 
a recent burst of arbitrary intensity (mass percentage en- 
gaged in star formation) and arbitrary age is superposed to 
an old stellar component with typical age of 10 Gyr and 
solar-like chemical composition. The simulations can also 
account for different metallicity between the old and newly 
b orn stars. All detai l s of th e te chnique in use can be foun d 
in lChiosi fc Garrard l|2002l ) and lTantalo fc Chiosil (l2004d ). 

Results of these simulations are shown in Figure [12] in 
which is plotted the (FUV - NUV) colour vs. H/3 within 
an aperture of re/8 radius. The lines describe the Age path 
induced by a recent burst of star superposed to a 10 Gyr 
old galaxy stellar population. The recovery time (i.e. the 
time elapsed from the beginning of the burst to the re- 
cover of the pre-burst situation, i.e. colours, line indices, 
etc) of thes e simulations is about 2 Gyr or so. The analy- 
ses made bv lChiosi fc Garrard (l20oi l and lTantalo fc Chiosil 
(|2004d ) show that the recovery time increases with the per- 
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Figure 13. GALEXVY - optical colours of composite SSPs made 
by an old component and a more recent one as a function of 
the age. The age assigned to the real galaxies is Tq — Tc;i?=13- 
TsF (see text). The shell galaxies of the present paper are la- 
beled. The burst occurs at the age of 10 Gyr, as in the previ- 
ous figure. The four cases on display have the same burst in- 
tensity (20%) but differ for the metallicity assigned to the and 
young stars. The colour and symbol codes identify the UV-optical 
colour and the metallicity: the red open circles are for (FUV-V) 
and the green filled squares are for (NUV-V) of the observed 
galaxies. The heavy red solid line is for (FUV-V) of the model 
Z=0.019-|-(20%)0.04, the heavy red dotted hue is for (FUV-V) of 
the model Z=0.008+(20%)0.008, the thin green solid fine is for 
(NUV-V) of the model Z=0.019+(20%)0.04, and the thin green 
dotted line is for (NUV-V) of the model Z=0.008-|-(20%)0.008. 
Note the different recovery time and amplitude of the post-burst 
colour variation at changing metallicity. 

centage of mass engaged in star formation during the burst. 
Percentages above 20 % are not likely because the recov- 
ery time would be a significant fraction of the Hubble time 
and accordingly numero us galaxies could be ca ught in the 
bursting mode. See also iLonghetti et al.l l|2000t ) for similar 
simulations and conclusions. In this context, the burst in 
NGC 7135 (and NGC 1052, see anyway the above notes 
about the nature of this galaxy) seems more recent than 
NGC 2865, NGC 6958 and NGC 1553. These latter are be- 
coming normal ellipticals. Therefore, the anomalous position 
of the three galaxies in question can be explained. 

Anomalous position of a few objects in diagnostic 
planes. It is also worth noting that the galaxies with anoma- 
lous position in Figure [12] also have anomalous positions in 
panel h of Figure [10] The situation is best illustrated in Fig- 
ure ll3l fanalog of panel h) which correlates the (FUV-V) and 
(NUV-V) to the age. The models show the colour evolution 
with a recent burst of star formation. The burst occurs at 
the age of 10 Gyr. The intensity of burst is 20% and two pos- 
sible combinations metallicity for the old and young compo- 
nents are shown. Of course, other values of the age at which 
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the burst occurs, its intensity, and the chemical composition 
could be adopted. The age assigned to the observed galaxies 
is Tg — Tsf, where for To we adopt the canonical age of 
13 Gyr. In other words all galaxies are supposed to initiate 
their star formation history 13 Gyr ago. Therefore the plot- 
ted age is 13-T'5F Gyr. The aim of this plot is to compare 
the observed properties of the galaxies in our sample with 
a typical star formation history of a galaxy as suggested by 
the analysis carried out in the previous section. The choice 
of age at which the burst of star formation occurred is sug- 
gested by the properties, i.e. (FUV-NUV) colours and H[3 
indices of the shell galaxies. Attempts to reproduce other 
galaxies in the sample would require different assumptions 
for the burst age, but this is beyond the aims of this study. 
There are at least five results out of this comparison: 

(i) In general the strongest variations of the colours are 
in coincidence of or soon after the star forming episodes (the 
initial one, Tsf — Tq, and the burst, Tq — Tsf=W). 

(ii) The colour (FUV-NUV) is sensitive both to metal- 
licity and age over a long fraction of a galaxy life (see Fig llUI 
panel h); 

(iii) The colour (NUV-V) fFig |13|) soon becomes nearly 
age independent, say 2-3 Gyr past the star forming activity 
both after the initial episode and the burst. This time inter- 
val increases with the fractionary mass engaged in the star 
forming episode: it is rather long in the initial episode (up 
to 4 Gyr) and only 1-2 Gyr after a burst of moderate inten- 
sity. It runs nearly fiat during the long time interval between 
the two star fo rmi ng episodes (in this simulation) see also 
lYi et al.l l|2005l ) and lKavirai et al.1 (|2006l ). It keeps, however, 
some dependence on the metallicity, shifting to higher values 
at increasing Z; 

(iv) The colour (FUV-V) (Fig lT^ keeps a good depen- 
dence on both age and metallicity all over the galaxy life; 

(v) The anomalous location of the few shell galaxies 
under consideration correspond to the post-burst variations 
of the colour. By finely tuning the burst age, intensity and 
metallicity and the chemical composition of the old com- 
ponent we could easily match individual galaxies. This is 
beyond our present aims. 

The temporal behaviour of the (FUV-V) and (NUV- 
V) colours as function of the age both in the pre- and post 
burst regimes can be easily understood looking at the sep- 
arate variation of the AB magnitudes FUV, NUV and V of 
our model galaxies with and without bursts of activity as a 
function of the age that are shown in the three top panels 
of Figure [14] which does not require any additional expla- 
nation. The only thing to mention is that the magnitudes 
of the model galaxies (in reality composed SSPs) have been 
vertically shifted to make them nearly coincident with the 
observed ones. The vertical shift simply accounts for the dif- 
ference between the luminous mass of the galaxies and the 
much smaller mass of the SSPs. The shift (the same for all 
pass-bands) is such that theoretical models and real data 
coincide at the faint end boundary of the data. In principle, 
an estimate of the mass could be derived from the velocity 
dispersion. However, as this would require some modelling 
of the relative mass in Dark and Baryonic Matter, we prefer 
to simply scale the magnitudes of the composite SSPs by 
a suitable amount. This is fully adequate to our purposes. 
Also in this case, the age adopted for the observed galax- 
ies is Tg — TsF~13-TsF Gyr. The agreement is fairly good. 



The shell galaxies on display can be associated to the post- 
burst period as the detection probability is higher thank to 
the slower fading rate. Perhaps they suggest some individual 
fine tuning of the burst age, which is, however, beyond our 
aims. 

Finally in the bottom panel of Figure [14] we show the 
temporal evolution of Hf3 of the model galaxies with the 
observations. No vertical shift is now required (because the 
line strength indices are by definition mass independent). 
The age assigned to each real galaxy is the same as before. 
The agreement is remarkably good and the same remarks 
on the fine tuning of the burst age to fully match the shell 
galaxies could be made. 

Which is the source of the FUV and NUV fluxes? The 
occurrence of a "rejuvenation" process in an early type 
galaxy by a recent burst of stars raises the issue of disentan- 
gling between the different sources (old and/or young stars) 
producing the FUV and NUV fluxes. Perhaps the best way 
of addressing this issue is to look at the spectral energy dis- 
tribution of our model galaxies and its variation with time. 
This is shown in Figure lTS] A quiescent galaxy (of sufficiently 
high mean metallicity), during the time interval from 9 to 
13 Gyr, changes its spectrum as shown by the thin lines in 
Figure 1151 at wavelengths longer than about 2500 A little 
action occurs, whereas short-ward of it the UV flux in the 
up-rising branch gets stronger. The slope of the up-rising 
branch below 2000 A is nearly constant. Most likely, the 
source of this flux are the old hot-HB, and/or post AGB, and 
the h igh- metallicity, AGB-manque stars (see iBressan et al.l 
11994 for more details). The NUV region contains both flux 
from MS t urn-off stars of the evolved population (see e.g. 
lDorman~et al. 2003J, perhaps independently of their exten- 
sion across a galaxy, and flux from the UV-upturn. In con- 
trast, the FUV emission is due only to the evolved stars. 
In presence of a burst, the situation is more complicated. In 
the example shown in Figure [T51 we start with the spectrum 
at 9 Gyr exactly the same as the previous case, we jump to 
the spectrum dominated by the young component (heavy 
dotted line) at the time of the burst occurrence (10 Gyr), 
and then we nearly fall back to the previous case at the age 
of 13 Gyr. But for minor difference in the UV rising branch 
(short- ward of 2000 A), the spectrum is the same as in the 
quiescent case (recovery of the old situation). The trace of 
the burst of stellar activity is limited to the minor difference 
in the flux of the rising branch. It is obvious that changing 
the age and the intensity of the burst many intermediate 
situations can be found in which the FUV and the NUV are 
more dominated by the recent burst of stellar activity. All 
this is of course mirrored by the colours and line strength 
indices in the typical diagnostic planes. Owing to the rapid 
fading of the burst, the probability of catching a galaxy dur- 
ing the maximum stellar activity so that the FUV and the 
NUV pass-bands are flUed by radiation from the newly born 
stars is low compared to the probability of catching a galaxy 
either in the pre- or post-burst regime. This type of analysis 
holds its validity only in statistical sense. To conclude there 
is no unique answer to the question "which is the source 
of the FUV and NUV fluxes?" unless more information is 
provided. 
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Figure 15. Spectral energy distributions as a function of the 
age (9, 10, 13 Gyr) for quiescent model galaxies (thin lines) and 
galaxies with a recent burst of star formation (heavy lines). The 
burst occurs at 10 Gyr, and fades afterward. In this simulation the 
original metal content is Z=0.019, the mass fraction in the burst 
is 20% and the metallicity of the newly born stars is Z=0.04. The 
wavelength intervals for the GALEX FUV and NUV pass-bands 
are indicated by the two shaded areas. 



Figure 14. GALEX FUV, NUV, V magnitudes, and H/S index 
as a function of the age in a model galaxy evolved in quiescence 
(dotted lines). The theoretical FUV, NUV, and V magnitudes 
have been rescaled to the faint end boundary of the data (see 
text). The thick symbols show the same quantities but for the 
model galaxy in which a recent burst of star formation is added. 
The burst occurs at 10 Gyr. In this simulation the original metal 
content is Z=0.019, the mass fraction in the burst is 20% and the 
metallicity of the newly born stars is Z=0.04. The age plotted for 
the observed galaxies is Tq — Tsf defined as in the previous plot. 



6 SUMMARY AND CONCLUSIONS 

We have presented the data for three early-type nearby 
galaxies (NGC 2685, NGC 5018 and NGC 7135) observed 
in the GALEX FUV and NUV pass-bands. These galax- 
ies are characterized by prominent shell systems. The NUV 
emission of NGC 7135 and NGC 2685 mirrors the optical 
appearance and features. This implies that the UV emission 
comes from the same kind of stellar populations. The FUV 
images are instead more concentrated toward the nucleus 
in the case of NGC 2865 and/or in the case of NGC 7135 
other particular regions of the galaxy thus suggesting that 
different types of hot stars contribute to the flux. In the case 
of NGC 5018, for which only the NUV image is available, 
it is not possible to reveal the shell structure visible in the 
optical, whereas the presence of a complex dust-lane system 
is seen. 

All the galaxies show evidence of dust features in their 



centre . This confirms the trend found by ISikkema et al.l 
|2007j) who suggest that the dust detection rate in the shell 
ellipticals is significantly higher than in a "normal" ellipti- 
cal sample. Furthermore the irregular shape of shell galaxies 
suggests that external influences and/or acquisition of ma- 
terial are the cause of the dust features. 

The three galaxies seem to belong to loose, poor groups 
rich of cold gas whose presence is traced by the Hi emis- 
sion. We suggest that these objects typically occur in evolv- 
ing groups similar to t he Arp 227 group dom inated by the 
shell galaxy NGC 474 (jRampazzo et allbood ). No galaxy of 
our sample shows the presence of cold gas in its inn e rmost 
regions. In the case NGC 2865 ISchiminovich et al.1 (|l995D 
find that the outer cold gas is kinematically associated to 
the stellar body. This strongly suggests that whatever the 
phenomenon giving rise to the shells might be (the agree- 
ment between the gas and stellar kinematics somewhat re- 
jects the merging hypothesis) it is able to convert the gas in 
the central regions into stars, thus "rejuvenating" the galaxy 
in agreement with what inferred from the line-strength in- 
dices. 

The analysis of the colour evolution of single and com- 
posite stellar populations simulating past and/or recent star 
formation shows that (i) the colour (FUV-NUV) has good 
sensibility to metallicity and age over a long fraction of a 
galaxy life;(ii) The colour (NUV-V) soon becomes nearly 
age independent, say 2-3 Gyr past the star forming activ- 
ity both after the initial episode and the burst. This time 
interval increases with the fractionary mass engaged in the 
star forming episode. So it is rather long in the initial episode 
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(up to 4 Gyr) and only 1-2 Gyr after a burst of moderate 
intensity. It runs nearly flat during the long time interval 
between the two star forming episodes (in this simulation). 
It keeps, however, some dependence on the metallicity shift- 
ing to higher values at increasing Z; (iv) finally, the colour 
(FUV-V) keeps a good dependence on both age and metal- 
licity all over the galaxy life. In the typical case of secondary 
activity of moderate intensity, all the colours but for (FUV- 
NUV) and (FUV-V), become nearly age insensitive when 
1-2 Gyr have elap sed from the last star forming episode 
l|jeong et al.ll2007l V 

Most likely, the NUV and FUV fluxes of "normal" early- 
type galaxies have different origins. Independently of its ex- 
tension across a galaxy, the NUV flux is partially due to 
the MS turnoff sta rs of the evolved population (see e.g. 
iDorman et"al] l2003l ) and partially to more evolved, exotic 
stars. In contrast, a strong FUV emission is likely due to 
the presence of one (or more) hot, plausibly high-metallicity, 
stellar components giving origin to the well-known phe- 
nomenon of the UV-upturn (e.g. hot-HB and/or post-AGB 
and AGE manque stars). Further complication comes from 
the analysis of the optical indices, which suggest that the 
three shell galaxies in our study had a recent (2-3 Gyr old) 
burst of stellar activity, possibly as a consequence of the 
interaction/accretion episode that triggered the shell forma- 
tion. In this context, it comes naturally that the stellar pop- 
ulations should span a certain range of ages and also that 
young stars could be present in different proportions in both 
the NUV and FUV fluxes. All this makes the interpretation 
of the data more difficult. 

Our combined analysis of the (FUV-NUV) and (UV- 
V) colours and line-strength indices shows that even sim- 
ple models such as SSPs mimicking the passive evolution 
of a galaxy can account for most of the gross features of 
shell galaxies as well as those of normal early-type galax- 
ies. Among the shell galaxies in the sample, the nucleus of 
NGC 7135 shows the more peculiar behavior when compared 
with theoretical expectation of passive evolution. Consider- 
ing composite stellar population models with a recent burst 
of star formation, we show that the position of the NGC 7135 
nucleus in the (FUV-NUV)-H/3 plane could be explained in 
term of a recent rejuvenation episode. NGC 2865 and the 
other few shell galaxies, which have a nearly "normal" posi- 
tion in the above plane, could also fit the same rejuvenation 
framework. 

Recently Ivan DokkumI (|2005l ) suggests that dry merg- 
ers, i.e. nearly dissipationless, or gasless mergers, at low red- 
shift are responsible fo r much of the lo c al bri ght field ellipti- 
cal galaxy population. iDonovan et al. 

I (|2007 !) demonstrated 
that the morpholog ical and photometric criteria adopted by 
Ivan DokkumI l|2005h to identify dry merger candidate could 
include early-type galaxies with Hi in or around them i.e. 
possible wet ellipticals. The sa mple they considered is taken 
from the H I Rogues Gallery l|Hibbard et al.l 1200 ll ) and in- 
clude NGC 2865, NGC 5018 and NGC 7135 which aU fit the 
criteria for being dry mergers candidate. Our results sug- 
gest that the merger that has induced a secular evolution 
in NGC 7135 (and possibly in NGC 2865) should not have 
been so dry. 
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